WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
H04Q 7/20 



Al 



(11) International Publication Number: WO 99/09762 

(43) International Publication Date: 25 February 1999 (25.02.99) 



(21) International Application Number: PCT/US98/ 16884 

(22) International Filing Date: 13 August 1998 (13.08.98) 



(30) Priority Data: 
08/912,912 



15 August 1997 (15.08.97) 



US 



(71) Applicant: HEWLETT-PACKARD COMPANY [US/US]; 

3000 Hanover Street, Palo Alto, CA 94304 (US). 

(72) Inventors: ELREFAIE, Aly t F.; 21824 Benetti Court, Cu- 

pertino, CA 95014 (US). MATTES, Hans, George; 1776 
Brandee Court, Santa Rosa, CA 95403 (US). 

(74) Agent: WHEELER, Jeffrey, D.; Hewlett-Packard Company, 
Legal Dept., M/S 20BN, P.O. Box 10301, Palo Alto, CA 
94303-0890 (US). 



(81) Designated States: CA, JP, European patent (AT, BE, CH, CY, 
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL ( PT, 
SE). 



Published 

With international search report. 



(54) Title: FREQUENCY TRANSLATION TO LOCAL MULTI-POINT DISTRIBUTION SYSTEMS FOR PERSONAL COMMUNI- 
CATIONS SERVICES 




B50 OR 1900 MHZ 
■INDOOR" CELL 



□ WALL 
° XFORMER 



(57) Abstract 

A first embodiment of the present invention discloses a system for extending the range of Personal Communication Services ("PCS'*) 
band wireless local loop services. A frequency translation unit at both the user's residence and at the central hub translates the PCS signal 
from the PCS frequency band to the Local Multipoint Distribution System ("LMDS") band and back. As LMDS has a significant range 
advantage over DECT and PHS without greatly increased costs, this frequency translation allows DECT and PHS telephones to be used 
over greater ranges, without the necessity of constructing a large number of cellular transceiver sites. A second embodiment of the present 
invention uses a frequency translation unit to permit the use of either PCS or known cellular telephones inside a user's residence without the 
call being routed through the more expensive cellular network. The frequency translation unit translates from PCS or cellular frequencies 
to LMDS frequencies. The user's calls are then completed over the less expensive LMDS network. When outside the user's residence, the 
PCS or cellular telephone operates in its original known fashion. 
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WO 99/09762 PCT/US98/16884 

Frequency Translation To Local Multi-point Distribution S ystems for 
Personal Communications Services 

Background of the Invention 

Low cost Personal Communication Services ("PCS"), which typically include 
wireless telephone service, paging, and digital data transmission, can succeed commercially 
only if several conflicting requirements are properly balanced. Among these requirements are 
low handset cost, low transmission power to extend battery life and permit a lighter handset, 
good speech quality, and high user density. 

At least two forms of PCS arc currently available. The first form, Digital European 
Cordless Telecommunications ("DECT") standard wireless telephones operate at 1880-1900 
MHZ. A U.S. version of DECT, operating at 900 MHZ (ISM band) also exists, and a second 
U.S. version of DECT operating at 1900 MHZ, called Personal Access Communication 
Systems ("PACS") will be available in early 1997. In Japan, a second form of PCS with 
similar characteristics to DECT is available and is called the Personal Handyphone 
Syslem("PHS"). The technical parameters and capacities of these systems are known. 

Summary of the Invention 

Broadband vvireless ; access systems operating al'millimetcr wavelengths including 
Local Multipoint Distribution Systems ("LMDS") operating at 28 Ghz and other point-lo- 
multiple-point systems such as Digital Electronic Messaging Systems ("DEMS") at 24 Ghz 
can be uscd.lo extend the range of PCS systems including DECT, PACS, and PI IS as well as 
providing other operational advantages. LMDS resembles in sqjnc respects cellular telephone 
networks. Each home using LMDS is equipped with a Customer Premises Equipment ; 
("CPE")unil comprising a narrow beam antenna/millimeter transceiver unit on or at the .roof 
line. Inside the home, a general purpose modem or similar gateway connects the 
antenna/transceiver unit to various home iiijTonnalion appliances;; including but np,l limited to 
telephones, Iclevisions, and computers". The home anteimaAransecivenunits in turn 
communicate with sector hubs, each hub having an antenna, thchcighl of which will vary 
from 15-25 meters, depending on desired raiigc, local terrain; and local zoning and building 
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restrictions. Each hub is in turn connected to n central office, which may act as a content 
provider, an interface to the telephone system, or an interface to the Internet. 

In a first embodiment of the present invention, each user will have a home gateway 
that.includcs an interface to the DECT's or PHS's Fixed Access Unit ("FAU"). The FAU 
provides the user with a standard telephone socket for connecting conventional analog 
equipment such as telephones, facsimile machines, modems, and possibly Integrated Service 
Digital Network ("ISDN") equipment. The home gateway interlace to the PCS FAU 
provides frequency translation from the DECT/PI IS system to the LMDS system, the home 
gateway will be connected to a CPE unit at roor level.' At the hub, the telephony signal "will 
be received from the LMDS system and connected to a DECT/PI IS base station through an 
interface that provides the necessary frequency translation. 

I n a second embodiment of the present invention, LMDS is used to provide a cost- 
effective home use option for users of known cellular telephones and PCS users. In this 
embodiment, when cellular telephone or PCS users arc outside their homes, their handsels * 
transmit and receive signals to and from the host cellular/PCS site. Operation is conventional 
and known in this second embodiment when the user is outside the home environment: ' 
Inside a house, the PCS or cellular telephone no Monger sends and receives signals to and from 
the host cellular/PCS site. Instead, a special channel is used which is dedicated to indoor use 
and a picoccll unit transmits and receives signals from the PCS or ccllul lar telephone user and 
translates the signals up to or down from the LMDS frequency range. In turn, the picoccll 
unit, cominunicatcs with an LMDS cclL The LMDS ceil is coupled to a cellular or PCS cell 
site, which in turn can be coupled Tlo a mobile telephone switching office. 

These embodiments of ihc.prescnl invention will now be described in detail, with 
reference to the figures listed and described below. 



, Rikf Description of the Drawings 

ri „ i, is a block diagram of. the user's side of a first cmbodimenl'of the present 

• • ;>.••' '' ,>.'..•:.«' .. .■ '■ ' '■ . .. ' ~ '■ . , ■ -j 

invention; ...... .. .... • . 

Fig. 2 is a block diagram of the hub side of the first embodiment of the present 

invention; 
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and , 

Fig. 3 is a diagram illustrating a second embodiment of the present invention. 

' ' c. ' *■}.'. 

Detailed Description of the Invention 

Cellular telephone systems arc known. Typically, the cell size is a circle with a radius 
of 5 km, which in turn requires a tall. antenna.. Given the relatively large cell size, individual 
handsets arc typically relatively powerful (approximately I W into the handsel's antenna). ' 
Often, the battery life of these handsets is fairly limited. Although digital cellular telephones 
have improved voice quality over analog cellular telephones, neither digital nor analog 
cellular telephones are considered to be of "wire line" quality. 

DECT/PMS systems offer nearly wire line voice quality but only at very short ranges, 
typically 50-150 meters. Given the short transmission distance, the handsets are usually 
considerably less expensive than those used in cellular telephone networks and the battery life 
is also typically longer. DECT/PI IS and similar technologies have been incorporated into 
various cordless telephone systems. One standard for such systems is DECT Which' is i; 
available in Europe, operating at 1880-1900 MHZ, and in the U.S., operating at 905-910 
MHZ. Both DECT systems arc time division, multiple access ("TDMA"yt« me division 
duplcxC'TDD") multicarricr and provide multiple slots for' users within range bribe' 
basestalions. hi Europe, 12 slots arc allocated per'frame, and in the U.S.; 8 siots'arc allocated 
per frame. The PI IS in Japan is a TDD system. 

DECT products are already in wide use in Europe and Asia and are becoming 
increasingly available in the U.S. Both embodiments of the present invention can be readily 
adapted. to operate with any DECT product or any other PCS system . 

To provide wireless local loop service using DECT/PIIS over LMDS, each user will 
have a home gateway that includes a frequency translation interface to the DECT/PHS Fixed 
Access Unit ("FAU")- The DECT/PHS FAU provides users with a standard telephone socket 
for connecting conventional analog equipment sucli as telephones, facsimile machines, 
modems, and possibly ISDN equipment. The DECf/PlIS FAU will" be "modified by replacing 
the antenna unit with a shielded coaxial cable. The translation from the particular 
DECT/PHS FAU frequency band to the LMDS band is achieved using a simple frequency 
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translation intcr'fa^ frequency translation interface allows LMDS • 

service providers and other broadband wireless distribution systems to carry such PCS > : 
technologies as DECT, PUS, or PACSover their systems anywhere in the world: ' , 

At the hub end, the telephony signal' will bereceived over LMDS, with a cell size of 
up to 2 km radius, and connected to a modified PCS radio port, with no antenna, through a 
simple frequency interface Siinilar'lo the onc;used by the users. The PCS radio port can be 
connected to the radio port control units located al the central office using known 
transmission techniques, including copper wire, radio links, or; fiber optic lines. 

' 'Fig/1 is a block diagram of the userVside of a firstiembodiment'Of the present , 
invention. The original DECT fixed access unit ("FAU") 15 is coupled* to the user's < ; ■ 
telephone, fax, and modem. Frequency translation unit r :("FTU") -M; is coupled to FA U 15. 
FTU 25 is further comprised of power splitter 27, first and second amplifiers 29 and 31, first 
and second mixers 33 and 35, and second power splitter 37. FTU 25 steps up outgoing traffic 
from DECT/P ITS frequency to LMDS frequency and steps down incoming traffic from 
LMDS frequencies td DECT/PI IS frequency. r r i i •.• ; • v 

FTU 25 \k in turn coupled 16 a' home gateway unit A 1 /Home gateway. unit 41 contains 
a splitter which separates in-coming video anddhcnhjgh data 'rate signals from telephone and 
other low rate signals and clirccts thc lelephoheUuVd low dala rate signals into FTU-25. A 
poWcr supply also resides within home gateway 'unit' 4 \ andihome gateway .unit 4 Lis in turn 
coupled to the CPE, including MM/RF transmilter.unit S 1 , which comprises at least a 
transceiver operating at the LMDS frequency* band:: ; .'.v;s . y ■<.:/. , /; f - • . . > 

Fig. 2 is<a block'diagram of thb hub equipment uscdJn this first embodiment of the 
present invention. Hub FTU 70 comprises r first power splitter 71, first and second .amplifiers 
73 and 75, first arid second'' mixers 77 and 79,.and second piowersplittcrttl Hub FTU 70 is 
coupled through second power splitter 8 1 to a '.-bi-directional PCS radio: port 82 . Through 
first power splitter 71, 'hub FTU is coupled toluibjritenface: 83 and data transceiver 85; Data 
transceiver 's and TV- - 1 raiistii i'l ibr* 87 arc coupicd through power splitter 89 to hub interface 
83. I Iub interface 83 is in turn coupled to MM/RF : transceiver 95. > , 

This first cftibodiinc'nr offers the possibility of signi ficantly 

reducing infrastructure cost and incrcasing4hc System's range from 150. in \o 2 kny by using 
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only one tallantcniia at a hub lo distribute telephone, vicleo/and higlv speed .data services in 
the LMDS band to users located within a 2 kni;radius by- one service" provider instead of using 
several other antenna towers in the same area for wireless local loop services only at Ihe.pCS 
band. The relatively simple and inexpensive frequency translation jnlqrfacc proposed in this 
first embodiment allows LMDS or any broadband, wireless system service provider at , 
millinVeler wavelengths to use PCS technologies such as DEGT, PI|S, or PACS^ri.any pari .of 
the world with minimum modification. / . ' , ; .v. 

This first cmbpdnnfcnl of the present invention, has been jJcscri bed; using DECT/PI IS 
systems over LMDS and has .been tested with both. U ; ,S.;and European DEC;T .systems. In a 
similar fashion, other embodiments of 'the present invention eoukhbc adapted for use with , 
other lowlier PCS and cofdles&'systems, such, as- the Japanese. PI IS and the U.S. PACS,; if the 
service providers so desire! . * '\ . ■ : v ^ \ \ ! 

In a second embodiment of the present invention, LMDS is used ;lo provide,? ; cosU . 
effective home use option for users known cellular telephones and.PCS users. As,sho\vp , 
in Fig. 3, when cellular telephone or PCS users are.out^iUe^theinlia^dsets transmit and : 
receive signals to and from cellular lower hhO. ■ W ; hile theaiscr is in an outside environment, 
operation of the ccllularand PCS- telephones istconye^tional and known,- . . ;i 

Once inside house 11 7/ however, the PCS or cclh.il.ar tclcphone.no longer sends and. 
receives signals to and frpm ceflular tower 1 10. Instead, a picoccll unit-1 1 5 transmits and 
receives signal from the PCSorcelIular : lclcphone..uscrs, translating them up lo or down from 
the LMDS frequency range. In turn, picocell unit 1 15 communicates ,\vith ; aiv LMDS cell ; 
transmitter 121. It is readily rorcsecablcthal:aiv LMQSecll 12\ and ^.cellular or PCS system 
cell 123 would be co-Iocalcd: LMDS cell transmitter: 1 21 is couple^ tp:ccllular or PCS cell 
site 123, which is in turn coupled byaT>.l link, to a : mobile ,tclephone ; switcl\ing office . .. ; 

In this second embodiment, a portion of thciLMDS' baiul\yidth.in,thP 28 Gllz band is 
usbd to extend the range- 6f installed icclliilar or PCS base stations .to very low power on- ; 
premiscs/in-premiscs re-radiators^ ciiHed hcreinpicoccll uiuls ;1 .1 5..- JJctwcciv 1 .5 MI IZ and 30 
MHZ of the LMDS banclwidlh/is^iscdabrTtliis^ninwsc/-;/ . y>\ . ' 

When the. user is inside a house, !l>e\cellular/PGS : hahdscLftojnnHinicatcs with picocell 
unit" 1 15 arcellular or PCS frequencies. As;lhe ; .Uscr inQves .outdoors, the service is provided 
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directly between the user and a host cellular/PCS cell site in a known manner. The link 
between the celluIar/PCS system and the picocell units is implemented by co-lpcatmg an . 
LMDS host cell site 121 will) each cellular/PCS cell, site. This host cell }2Lwill use some of 
the 28: .0 Hz, band to transport ii[vcqiwcrlcd ; ccIlulai7PCS signals to the premises-located 
picocell units, which vvilUii turn dowa-convcrt the signals back lp the appropriate 
cellular/PCS band and re-radiate at very low power,, llic mirror. iinagc or this process 
provides the reverse channel, capability. ;1 v> . 

Additional LMDS band rc-radrator host cells may bc.neccssary tp assurp coverage at 
28 GHz, where propagation is generally, more luniled^inl typical cellular/PQS cqll spapings 
may not provide adequate coverage. In the cellular regime, a separate, pprhaps prpperly 
called l "virtuar cellular/PCS cell site can be defined as a ^ offset fox. CDiylA or a dedicated 
RF channel Tor GSM/TDM A Tor in-premiscs use., Thisal lows the cellular/PCS operator to 
distinguish between in-prcmiscs usq.and outdoor use so that different billing rates can be used 
for these differqni usages. ^ ; . -j; v { -m- ; , ; . 

As in traditional microcells, cither fiber ^ connected or microwave connected, the 
LMDS signal now transports the fully modulated cellular/PCS bandwidth, and the picocell 
xm\l docs not perform any, modulation or demodulation function. The downlink functions 
performed at the picocell unit arc reception aijd filteriiig nUhc LMDS band, down conversion 
from LMDS frequencies (28 Ghz) to cellular or nCSTrcqucncies (R5X) MHZ/1. 9 Ghz), and rc- 
ralliation in' the cellular or PCS band, Iivthc uplink dircctioiii the picocell unit performs the 
functions of LNA; for ccllularlorl^CS, upconvcrsion to; LMDS, combining with any other 
usage of the LMDS spectrum in "the uplink, and propagation of the combined LMDS signal 
back to the LMDS host cell.. All portions, of this second embodiment use digital modulation, 
which is somewhat more fraud resistant than analog cellular. , , - ; ; < . : r; < 

This second .einbodimcnl allows wireless: i n-premisqs, access to. compete* with wireline 
teldphony prices \yhile supporting full.mobile telephony, ^ al mai ket-driven mobile telephony 
priced outside the pifenriscse;It simultaneously siippprts the ^onc-number access" that 
personal communication^ in^prcmiscs wireline- - s 

alternative service and still alJowing/celluKir/PCS service, it should encourage co-ordinafed 
long distance service. 

. ; . -6- 
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Wlisit is'Claimcd' Is:'' ! •«• '• '" -<-' •' ■ ••• • •'■ 

1 . In a wireless telephone network operating at h : First frequency band, the network having a 
plurality of user wireless handsets ami network transceiver hubs, a system Tor extending the 
range of the transceiver hubs and the handsets; the system comprising: . . . n 

a hub frequency translation'uhil, for receiving incoming telephone signals at a first - 
predetermined frequency, for translating the incoming Icfcplibire signals "to a second : 
predetermined YrcqiiciWy/fotVdcciving'oulgbirig telephone signals at the second-" 
predetermined frequency, arid for translating the outgoing telephone signals to the first 
predetermined frequency; and ' * ! ' - ^ i \ 

a user frequency translation unit, for receiving incoming telephone signals at the .,. , 
second predetermined frequency; for J translating the incoming telephone -signals to.the-flrst 
predetermined frequency, for receiving^ourgbing telephone signals at the. first predetermined 
frequency, and for translating the outgoing telephone signals from tlip first.prcdetcrmined 
frequency to the'sccond prcdetermiricd frequency. - ■ >. > s.- : 

2. I n'a Personal Comnum-icatioh Service : tdtephoiiy system Having user equipment, ^plurality 
of hubs, and a central office, ^ ' 

a plurality of access units couplcd to IhePersonal Communication Service user 
equipment of a 'plurality of usfcrs for translating signals from the user equipment operating, at 
an operating frcquency of the Personal; Communication Service telephony system to a second 
predetermined operating frequency and badk; . : .. : , / !' . 

a plurality of transceiver units>for transmitting aiul receiving signals at the second 
predetermined frequency coupled to the' access (nuts; • ■«.•. ;. " \ 

a plurality of transhilirig lnibs fdr receiving signhls at the second predetermined 
operating frequency, lor translating the signals to the operatiirg ; frequency of the. Personal . 
Communication Service telephony system;- for providing the: translated signals to. the Personal 
Communication Service telephony system*., 1 for receiving signals from, the 'Personal : ; 
Communication Service telephony system at -the! operating frequency of the Personal; 
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f 



Communication Savicc, rorUrfMislajling the received signals lo the second predetermined 
operating frequency, and for transmitting thclranslatcd signals to the transceiver units. 

3. The range extending system oTclaim 2 .wherein. the operating frequency of the Personal 
Communication System is between 800 and 2000 MHZ and thcysecond predetermined 
operating frequency is between 24 aml ! 28 Ghz. , 

■-**--■■*• 

4. In a cellular telephone syslem,-a-system for utilizing a second wireless telephone system to 

- ■• - • • '• ^ 

reduce telephony costs, the system comprising: 

a residential 'frequency translation unit for receiving and transmitting lo at least a first 

cell of the second wireless telephone system at a predetermined second wireless system 

operating frequency and for receiving afrd transmitting at a first wireless sysifem operating 

frequency to a cellular telephone hand-held transceiver, the frequency translation unit 

translating telephony signals to and fronUha.fi r^t and second wireless system operating 

frequencies. f t ; ■ / : ^: ; [ ""]'' 

■ V . r i i r ", . * 

system for feclucmg the cost of using cellular telephones having an operating frequency, 
the system comprising a plurhlijy of user premises micro-cellular transceivers, for receiving 
and transmitting telephony signals at a first predetermined frequency lo a plurality of micro- 
cellular base stations operating at the first predetermined frequency, the micro-cellular base 
stations and the mfcYo-ccllular transceivers both translating the signals from the first 
predetermined frequency to Ihc operating frequency of the cellular telephones. 

6. The system of claim 5 wherein the transceivers and micro-cellular base stations first 
predct^Tmined dptfafmg ; frcqvteitcy-fe betvveen 24 aml'28 Ghz and the cellular telephone 
operating frequency is between 800 lo 2000 MlfZ. I. 
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